Background: There are few studies of the effects of nasal snuff and environmental factors on the risk of nasal cancer. This study aimed to investigate the impact of using nasal snuff and of other risk factors on the risk of nasal cancer in German men. Methods: A population-based case-control study was conducted in the German Federal States of Bavaria and Baden-Württemberg. Tumor registries and ear, nose and throat departments provided access to patients born in 1926 or later. Results: Telephone interviews were conducted with 427 cases (mean age 62.1 years) and 2.401 population-based controls (mean age 60.8 years). Ever-use of nasal snuff was associated with an odds ratio (OR) for nasal cancer of 1.45 (95% confidence interval [CI] 0.88-2.38) in the total study population, whereas OR in smokers was 2.01 (95% CI 1.00-4.02) and in never smokers was 1.10 (95% CI 0.43-2.80). The OR in ever-smokers vs. never-smokers was 1.60 (95% CI 1.24-2.07), with an OR of 1.06 (95% CI 1.05-1.07) per pack-year smoked, and the risk was significantly decreased after quitting smoking. Exposure to hardwood dust for at least 1 year resulted in an OR of 2.33 (95% CI 1.40-3.91) in the total population, which was further increased in never-smokers (OR 4.89, in analyses stratified by smoking status. The OR for nasal cancer after exposure to organic solvents for at least 1 year was 1.53 (1.17-2.01). Ever-use of nasal sprays/nasal lavage for at least 1 month rendered an OR of 1.59 (1.04-2.44). The OR after use of insecticides in homes was 1.48 (95% CI 1.04-2.11).
Background
It is generally agreed that all kind of tobacco products are both addictive and carcinogenic. This also includes smokeless tobacco products [1, 2] . There are, however, few publications investigating the association between the use of snuff and nasal cancer.
In a case series of cancers of the paranasal sinuses (CPNS) in Bantu males from Transvaal, South Africa, 22 out of 28 had used nasal snuff for a prolonged time [3] .
In another case series [4] on cancers of the nasal cavity (CNC) and CPNS in the boot and shoe industry in Northamptonshire, Great Britain, eight out of 26 patients were nasal snuff users.
In three subsequent publications, results of casecontrol studies have been reported.
In a case-control study including 160 patients with CNC or CPNS and 290 hospital controls from four hospitals in North Carolina and Virginia, an increased hazard ratio of 1.47 (95% confidence interval [CI] 0.8-2.8) for use of snuff was detected [5] . A case-control study from the Florida Cancer Registry was based on 71 cases of nasopharyngeal cancer (NPC), on 92 cases of CPNS and CNC, and on 8.285 controls with cancers unrelated to tobacco use [6] . The reported odds ratios (OR) for use of snuff were 5.3 (95% CI 0.7-41.6) for NPC and 3.3 (95% CI 0.4-25.9) for CNC/CPNS. However, in the United States, snuff is often taken orally, so the results of the latter two case-control studies provide only marginal evidence for estimating the risks of nasal use of snuff.
A recent case-control study from North Africa (Algeria, Morocco, Tunisia) [7] reported on the impact of tobacco and cannabis use on NPC risk in 636 cases and 625 hospital/family/neighborhood controls. The OR for ever-use of snuff, either orally or nasally, for all histologic types of nasal cancer was 1.03 (95% CI 0.64-1.65), but was 30.2 (95% CI 1.67-546) for differentiated carcinomas. The latter result is obviously based on very few cases, as indicated by the extremely large CI.
We conducted a population-based case-control study to investigate the impact of nasal snuff on the risk of CNC, CPNS and NPC. Simultaneously we analyzed the potential impact of individual, environmental and occupational risk factors for this group of malignancies. The study was conducted by the Bremen Institute for Prevention Research and Social Medicine (BIPS), Bremen, Germany.
Methods
Sales figures provided by a major manufacturer indicated that the use of nasal snuff in Germany was most prevalent in two Southern Federal States of Germany, Bavaria and Baden-Württemberg, thus these areas were chosen as the study region. The study design was approved by the Ethical Review Committees of the Bremen State Chamber of Physicians, of the Bavarian State Chamber of Physicians, of the Baden-Württemberg State Chamber of Physicians, of Augsburg Central Hospital, and of Tübingen University Hospital. Design, conduct and analysis of the study were overseen by an independent scientific advisory board (see Appendix). Cases were restricted to male patients born after 1925 with primary CNC, CPNS, or NPC. Diagnoses were confirmed histologically starting January 1, 1990 , and cases were recruited retrospectively. Access to patients was achieved through clinical tumor registries in Bavaria, and through ear, nose and throat (ENT) departments in all hospitals treating such patients in Baden-Württemberg. Histopathologic findings for each case were provided by the respective tumor registry or by ENT departments. In both federal states, the ENT departments sought written consent from patients to participate in telephone interviews. In hospitals without a link to a clinical tumor registry, archives of hospital records were perused by hospital staff to identify eligible patients. Age-matched controls were drawn from community residency registries of communities with resident cases or of communities of comparable size within the same federal state. As residency registries comprise in each German community the complete resident population, the community administrators were asked for a random sample of resident males with sample characteristics specified by number for each age. It was not possible to reconstruct the status of residency registries according to the year of diagnosis of cases. Sample size was calculated for a prevalence of 0.12 to allow for detection of ORs of 1.4 with type I and type II errors of 0.05 and 0.80, respectively. This suggested 700 cases and 2100 controls with 1:3 frequency matching for year of birth +/-2 years. During the first phase of the study it became obvious that a sample of 700 cases could not be reached, but the calculated number of controls was adhered to. The calculated OR did not change to a relevant extent, but it was assumed that the precision regarding confounders would increase.
The questionnaire consisted of sociodemographic variables, lifetime occupational history, use of nasal snuff, smoking, exposure to environmental tobacco smoke, diseases of the nose, previous malignancies, family history of malignancies, nutritional habits including consumption of alcohol, specific exposures (use of insecticides in homes, organic solvents). Lifetime occupational history included each occupational period by year, line of business, job title and specific exposures (solvents, radioactive substances, radiation, asbestos, dusts). Additional questions were added for work in forestry, farming, carpentry, and metal-working. For each of these occupations, specific exposures were assessed by duration and type of exposures, e.g., in carpentry for type of wood (softwood, hardwood, chipboard wood).
During a pilot study, face-to-face interviews were conducted in cases of the Munich Tumor Registry. Logistic considerations led to the decision to use telephone interviews for the main study. A computer-assisted telephone interview system with trained and supervised female interviewers was used. Interviews of next-of-kin of deceased cases were attempted with a modified questionnaire. During the course of the study it became obvious that some of the cases had speech impediments owing to surgical therapy. These cases (n = 36) were provided with printed questionnaires by mail. Another case could not provide a telephone number and received a printed questionnaire subsequently. After completion of the pilot study, the Scientific Advisory Board suggested a modification of the food frequency list.
Statistical analyses were performed using SAS 9.2 (SAS Institute, Cary, NC, USA). for tabulation of study characteristics (Proc Summary) and for multivariate logistic regression (Proc Phreg). Assuming a linear doseresponse relationship, logistic regression analyses for continuous independent variables were conducted in three different ways: ever-exposed, quantitative exposure (pack-years for smoking [i.e., smoking one pack per day for 1 year], package-years for nasal snuff [i.e. using one package per week for 1 year]), exposure years (for hardwood dust, organic solvents, asbestos, use of nasal sprays or nasal lavage), and quartiles of exposure. Additional analyses included stratification by smoking status. Adjustment for potential confounders included: year of birth; community size; educational attainment; cigarette pack-years; nasal snuff package-years; years of exposure to hardwood dust, asbestos, or organic solvents; use of nasal spray/nasal lavage; and ever-use of insecticides in homes.
Results
Altogether, 917 potential cases were identified. After classifying these by location and histopathologic findings, 707 patients met the inclusion criteria. Interviews could be conducted with 389 (55%) of these patients, and 38 interviews of cases conducted during the pilot phase were added to the final database. Three of these cases had to be re-interviewed for application of additional occupational exposure questionnaires. Addresses of 4.207 potential controls were drawn from residency registers in Bavaria and Baden-Württemberg. Of these addresses 165 of these were no longer valid, another 68 persons were deceased. When being contacted for interviews 99 persons declined due to physical impairment. Finally 2 of the potential controls were patients who met inclusion criteria as cases. They were included as cases, after histopathologic findings had been provided by their respective hospitals. Of 3.873 eligible controls 2.401 interviews were completed, giving a response rate of 62.0%. The final study population consisted of 427 cases (mean age 62.1 [standard deviation 11.9 years]) and of 2401 controls (mean age 60.8 years [standard deviation 12.9 years]). The major characteristics of the study population are presented in Table 1 . Cases had significantly lower educational attainment than controls.
Most of the tumors originated from the nasopharynx (n = 181, 42.4%) followed by the paranasal sinuses (n = 159, 37.2%) and the nasal cavity (n = 87, 20.4%). Results by location of the respective tumors are reported in brief; detailed results by malignancy location as well as by histologic classification will be published in a separate paper. 
Nasal snuff

Smoking
Cigarette smoking emerged as a strong risk factor for nasal cancer in all parameters analyzed (Table 3) . There was a 60% increase in risk in ever-smokers (95% CI 24-107%), and an increase of 6% per pack-year (95% CI 5-7%). Similar risk increases were found for tumors in all sites (data not shown).
Analyses by quartiles of pack-years of cigarette smoking showed a peak OR of 4.11 (95% CI 3.01-5.62) in the 4 th quartile (exposure to 21.75 pack-years or more). When investigating the impact of quitting cigarette smoking there was an obvious decrease from an OR of 1.11 (95% CI 0.69-1.79) in smokers quitting less than 
Asbestos
In the total study population, there was only a marginally significant increased risk per year of asbestos exposure in cases with primary malignancy localized in the paranasal sinuses (OR 1.03, 95% CI 1.00-1.06).
In smokers, the OR per year of exposure to asbestos was 1.04 (95% CI 1.01-1.06; Table 5 ). There was an increase across tertiles of exposure duration up to an OR of 2.30 (95% CI 1.17-4.53) in those exposed for 14 years or longer. Significant increases were found in malignancies of the paranasal sinuses and of the nasopharynx (per year of exposure: OR 1.06, 95% CI 1.01-1.13 and OR 1.05, 95% CI 1.01-1.10, respectively). In never-smoking men, no statistically significant increase in risk of exposure to asbestos was found.
Organic solvents
Exposure to organic solvents was determined both by questions about exposure during any occupation as well as by a detailed questionnaire module about specific tasks in metal-work. Using these questionnaire moduls we could not detect any correlation with nasal cancer, but the numbers were too low to make firm conclusions. The more general questions, however, indicated an increase in risk for ever-exposure to organic solvents of 56% (95% CI 17-101%), with an increase per year of exposure of 2% (95% CI 1-3%) ( Table 6 ). A similar risk increase applied to malignancies of the nasal cavity and of the paranasal sinuses, but not to nasopharyngeal carcinomas.
The results of an analysis by tertiles of exposure years indicated a possible bimodal distribution of risk, as only the first and third tertiles had significantly increased Occupational use of herbicides and insecticides, ascertained by detailed survey questionnaire modules for occupation as farmer, gardener or forester, was not associated with any increase in risk of nasal cancer. In contrast to these findings, ever-use of insecticides in private residences was associated with a nearly 50% increase in nasal cancer in the total study population (OR 1.48, 95% CI 1.04-2.11; Table 7) , and was mainly due to an increase in malignancies of the nasopharynx (OR 1.80, 95% CI 1.08-3.00). In smokers, the increase in risk of cancer at the nasopharynx was even greater (OR 2.41, 95% CI 1.27-4.77).
Discussion
Nasal snuff
We could identify six studies [3] [4] [5] [6] [7] [8] that dealt with snuff as a potential risk factor for malignancies of the nasal cavity, paranasal sinuses and nasopharynx, four of which were case-control studies [5] [6] [7] [8] . These studies, however, all had some specific limitations. Either the composition of snuff contained several other potentially toxic substances besides tobacco powder (3,7) or "snuff" related both to snuff used nasally as well as orally or exclusively orally (5) (6) (7) (8) .
Regarding CNC and CPNS, our study was larger than the above-mentioned studies and, in addition, adjustment was achieved for a variety of potential risk factors. When combining all cancer sites and controlling for additional risk factors, we found an increased risk of nasal cancer for use of nasal snuff nearly identical to that reported by Brinton et suggested that the increased risks of nasal snuff most probably were restricted to users of nasal snuff who were former smokers or who were currently smoking. If there is any increased cancer risk in non-smokers, it is likely to be considerably smaller than in smokers. However, because of the relatively small subgroup of neversmokers in our study (135 cases and 986 controls), the power to detect such a risk might have been too small. 
Smoking
Smoking as a risk factor for nasal cancer has been investigated by several groups [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . All risk increases reported in these studies, either for ever-smoking or for quartiles of pack-years, were well within the range observed in our study. There were, however, some studies reporting no increase in risk of nasal cancer from smoking [7, [23] [24] [25] . The impact of quitting smoking has been analyzed in only a few studies [10, 13, 14] , but in none of these publications was the decrease in risk significant. In contrast, our study showed a clear decrease in risk from an OR of 1.11 (95% CI 0.69-1.79) in smokers who quit less than 15 years ago to an OR of 0.44 (95% CI 0.26-0.74) in smokers who quit 28 or more years previously. As the risk was considerably smaller than that for non-smokers, it is possible that men who quit smoking and abstained from smoking for a longer period not only changed from smoking to non-smoking but may also have improved other aspects of their lifestyle (nutrition, physical activity).
Hardwood dust
Exposure to hardwood dust is a well established risk factor for the development of adenocarcinoma of the nasal cavities [25, 26] . Although Blot and co-authors [27] , in a review of North American studies, found marginally significant increases in risk, probably as a result of very few exposed cases, other studies showed significantly increased risks or much larger risk ratios [9, [28] [29] [30] [31] [32] [33] [34] , and Adjustments: Year of birth, community size, educational attainment, pack-years (all study participants), snuff package-years, years of exposure to hardwood dust, asbestos, use of nasal spray/nasal lavage and ever-use of insecticides in residences.
increasing risks with increasing dose or time of exposure [30] [31] [32] . Our study showing an OR of 2.33 for exposure of at least 1 year (95% CI 1.40-3.91) as well as an increase over tertiles of exposure years from 1.04 to 5.34 (95% CI 2.55-11.20) is well in agreement with the latter studies. When stratifying our analyses by smoking status we found larger risks in never-smokers than in smokers. This suggests a lack of interaction between smoking and exposure to hardwood dust on the risk of nasal cancer. Increases in risk were restricted to carcinoma of the nasal cavity and of the paranasal sinuses. We could also confirm no increase in risk with exposure to softwood dust, as others have shown repeatedly. We found increased risks for adenocarcinomas only, as reported by other researchers. It is interesting that in none of the recent case-control studies [31, 33] wood dust has been analyzed by its origin (hardwood, softwood, chipboard).
Organic solvents
Exposure to organic solvents in our study emerged as a consistent risk factor for carcinoma of the nasal cavities. An analysis by tertiles of exposure years indicated a bimodal distribution, as only the first and third tertiles showed significantly increased ORs (1.57, 95% CI 1.03-2.38 and 1.75, 95% CI 1.19-2.58, respectively). A similar finding was reported by Hildesheim and co-authors [31] in a case-control study on carcinoma of the nasopharynx. For an exposure time of less than 10 years, they reported an OR of 1.5 (95% CI 0.99-2.3) and no risk increase with longer exposure periods (OR 0.93, 95% CI 0.61-1.4).
Asbestos
Exposure to asbestos was a strong risk factor for carcinoma of the paranasal sinuses and of the nasopharynx in ever-smokers, but not in never-smokers. Maximum risk was found in the third tertile of exposure years for malignancies of the paranasal sinuses (OR 5.37, 95% CI 1.18-24.36). The increase in risk per year of exposure in our study was 6% (95% CI 0-13%) for malignancies of the paranasal sinuses and 5% (95% CI 1-10%) for malignancies of the nasopharynx. In a pooled analysis of 12 case-control studies on sinonasal cancers, Luce and co-authors [35] found inconsistent results, as men with the lowest probability of exposure to asbestos fibers showed the largest ORs. However, the authors had not included smoking as a potential confounder nor did they stratify by smoking status. To emulate the analysis conducted by Luce and co-authors, we dropped pack-years of cigarettes smoked from our full model on paranasal sinus carcinoma and found slightly increased risk for tertiles of exposure (in the 3 rd tertile OR 2.46, 95% CI 1.11-5.45 vs. 2.36, 95% CI 1.00-5.57, with inclusion of pack-years as a confounder). It is our opinion that this finding should lead to a cautious interpretation of confounding in the case of strong risk factors, e.g., smoking.
Use of insecticides in homes
An increased risk associated with use of insecticides in homes, as found in our study, has not been described in any of the published studies. Brinton and co-authors [5] found an OR of 1.41 for the combined application of insecticides, pesticides, and herbicides in men. Zou and co-authors [36] reported a non-significant increase in risk of NPC after use of pesticides (OR 1.6, 95% CI 0.9-2.8), whereas Zhu and coauthors [20] found a strong impact of pesticide use on sinonasal malignancies (OR 5.9, 95% CI 1.5-23.7). A recent investigation of Tisch and co-workers [37] offered a plausible pathophysiologic explanation for our findings, as a variety of insecticides (pentachlorophenol, lindane, transfluthrin, cyfluthrin and natural pyrethrum) showed strong genotoxic effects when applied to isolated mucosal cells from inferior and middle nasal conchae. The increase in risk was restricted to never-smoking men. This is in contrast to findings for other risk factors where risk increases in smokers were larger than in never-smokers. However, when analyzing the prevalence of never-smoking and of use of insecticides in homes by educational attainment, both characteristics were greatest in best-educated men.
Analysis of potential biases
Biased estimates for exposures in case-control studies may arise from differing responses of cases and controls in interviews or likewise differing responses of cases or controls and of next-of-kin. Next-of-kin interviews were conducted in 134 of 427 cases (31%) and in 19 of 2401 controls (0.8%).
The results of an analysis of responses of cases and of their proxies (Table 8 ) demonstrated that, except for exposure to hardwood dust, there was no significant difference in any of the major risk factors identified in this case-control study. Assuming that there is underreporting of hardwood dust exposure by next-of-kin, this would lead to an underestimate of the actual OR.
A biased estimate of exposures comparing cases and controls could be expected if there was common knowledge of the effect of a potential risk factor for the disease under investigation. Such knowledge could induce cases to attribute their disease to the risk factor, whereas controls would respond indifferently.
Regarding the relevant risk factors investigated in this case-control study, there was no widely available information linking these risk factors to nasal carcinomas. Moreover, questions regarding these risk factors were embedded in a multitude of other questions. None of these questions hinted at a connection with disease.
There was a markedly different distribution of educational attainment in cases vs. controls (Table 1) . If this reflected a selective difference between controls and cases, it could lead to biased risk estimates. There are, however, two arguments to refute such an assumption. First, a lower response rate in cases than in controls would lead to a higher proportion of respondents with better educational attainment. This argument is based on findings reached during the conduct of the first German National Health Examination Survey (1984) (1985) , where interim analyses conducted at increasing levels of response rates showed increasing proportions of participants with lower educational attainment, below average income, without jobs, being smokers or overweight.
a Second, most of the established carcinogens tend to be linked either to occupations that require less educational attainment or to lifestyle habits more often found in less well-educated people. Thus, it has to be expected that the educational attainment of cases would reflect exposures and individual risk factors that are more prominent in these social groups. In consequence, more cases would be expected in men with less education. An analysis, stratified by educational attainment (Table 9 ), confirmed that ORs for tobacco use as well as for exposure to asbestos, hardwood dust and organic solvents were greatest in the least educated men.
Strengths and limitations of the study
A major limitation of our study is the relatively small response rate in cases, i.e., 55% vs. 62% in controls. Usually one would expect higher response rates in cases, but as the recruitment of cases in our study was carried out by staff of tumor registries or of ENT departments, not by members of our study group, no attempts to encourage participation could be undertaken. With an increase in response rate an increased proportion of persons exposed to specific risk factors could be expected, and a lower response rate in cases could lead to smaller risk estimates.
Another shortcoming of our study was the retrospective recruitment of cases. As all malignancies included in our study are rather rare, prospective recruitment would most certainly have resulted in fewer deceased cases than encountered with the present retrospective design, but the study would not have been feasible owing to an extremely long prospective recruitment period required.
Our study is the first study to deal with the impact of nasal snuff on nasal cancer in an industrialized country.
Thus the results regarding nasal snuff need confirmation by future studies.
There are several strengths of our study. It was a relatively large population-based case-control study. Moreover, the possibility of stratifying the analyses by smoking status indicated that smoking, besides being a risk factor itself, could act as a potent modifier for other risk factors.
Conclusions
The results from our study confirm the role of smoking and exposure to hardwood dust and asbestos as carcinogens for nasal carcinoma. In addition, we found increased risks associated with exposure to organic solvents. Use of insecticides in homes is suggested as a potential new risk factor. Exposure to nasal snuff or asbestos dust leads to an increased risk, mostly in past and current smokers. In nearly all the analyses, increases in risk were more prominent in smokers than in non-smokers.
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Abbreviations CI: Confidence interval; CNC: Cancers of the nasal cavity; CPNS: Cancers of the paranasal sinuses; ENT: Ear, nose and throat; NPC: Nasopharyngeal cancer; OR: Odds ratio. One packyear, referring to cigarette smoking, is equivalent of smoking of one pack of cigarettes per day for one year. One package-year, referring to use of nasal snuff, is equivalent for the use of one package of nasal snuff per week for one year. 
